Supplementary Information Text

Reynolds number and Womersley number.
The Reynolds number in a steady flow is defined as, e f ud R   = [1] where  is the density of fluid, u is a characteristic velocity, d is a characteristic length, and f  is the dynamic viscosity of fluid. For our pump-bot systems, the fluid is the cell culture medium. The density  is obtained by the dividing the mass by the volume, which is measured to be 0.987-1.008 g/ml at 37C in the experiment. u is defined as the mean axial velocity which is the half of maximum axial velocity, Vmax , and d as the inner diameter of hydrogel tube. The dynamic viscosity for cell culture medium at 37C is
For our pump-bots, the flow also fluctuates periodically with muscle actuation cycles.
The Womersley number is defined as the ratio of the inertial forces to the viscous forces for the pulsatile flows and can be expressed as,
is a characteristic frequency in radians per second. For our pump-bots, f is the frequency of muscle spontaneous twitching or muscle electrical stimulations.
Reynolds number and Womersley number for all cases are given in Table S1 , where the maximum velocity, Vmax, at the mid region of the tube is used to calculate the Reynolds number.
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